Objective: The aim of the study was to investigate true β-lactam allergy at a public pediatric hospital. Material and Methods: Children and adolescents with allergy symptoms were referred to the Allergy and Immunology Service, Hospital Infantil Albert Sabin, Fortaleza, Brazil. During the allergist interviews, β-lactam drug allergy was suspected in 24 patients. Results: Urticaria, angioedema, erythematous macules and papules were the clinical manifestations most frequently reported in 23 patients with immediate reaction. The drugs implicated were amoxicillin (58.3%), penicillin (20.8%), ceftriaxone (12.5%) and ampicillin (8.4%). The majority of the patients showed negative results for ampicillin, penicillin and ceftriaxone in skin testing and also negative results in Oral Provocation Testing (OPT) to amoxicillin. One patient with clinical history of ceftriaxone allergy showed positive prick test to the drug and negative OPT to amoxicillin. Conclusion: b-lactam drugs are a very useful choice for treatment of bacterial infections in children. In this way, it is reasonable that hypothesis of allergy to those drugs be investigated. For this reason, during consultation, it is necessary that the allergist questions about drug allergy, apart from the original complaint (if it is not directly related to drug allergy). Upon suggestive history, the hypothesis of drug allergy should be ruled out by doing a careful laboratorial and clinical investigation. In order to rationalize the operating and economical costs related to skin testing and OPT, we suggest grouping a number of patients for whom the tests will be performed during a half-day period two to three times a year.
INTRODUCTION
Cases of hypersensitivity to β-lactam drugs began to be reported in late 1940 and still nowadays are focus of several studies, considering their wide use in clinical practice. [1] [2] [3] [4] [5] Around 10% to 20% of the general population are classified as "allergic to penicillin", but the hypothesis is excluded in most of the patients after clinical and laboratorial investigation. 2, 6, 7 Abrams et al. 8 found a very low frequency of positive allergy tests to β-lactam among patients with suspected allergy to those drugs. Studies have shown that the use of penicillin allergy tests reduces the necessity of prescribing alternative antibiotic drugs, which are more expensive, less effective and at risk of adverse events. 9, 10 Drug allergy is in general classified into four types of hypersensitivity according to the Gell and Coombs classification. The most frequent clinical manifestations related to drug allergy are included in type I (immediate) or type IV (delayed) reactions. 11 The type I hypersensitivity occurs few minutes to 1 hr after intake of the drug and is mediated by IgE antibodies, basophils and mast cells. Angioedema, pruritus, urticaria and anaphylaxis are the most common clinical manifestations that occur in this type of reaction. 12, 13 Laboratorial diagnosis includes specific IgE, identification by the CAP-IgE test, basophil degranulation by the BAT-test, besides prick, intradermal and oral provocation testing. The type IV occurs after 24 h of the drug administration and is characterized by different types of clinical manifestations such as contact dermatitis, maculopapular exanthema, acute generalized pustulosis, Steven-Johnson syndrome, toxic epidermal necrolysis.
14 Laboratorial diagnosis includes patch, intradermal, oral provocation testing (the last ones are contraindicated when clinical manifestations are severe). The suspected type of hypersensitivity drives the type of test to be used. Beta-lactam drugs may be involved in all types of hypersensitivity reactions. 12, 13 These drugs are prescribed to children in the context of bacterial infections. Unfortunately, viral infections can be misdiagnosed being erroneously treated with those drugs. The frequency of a true drug allergy can vary from 7 to 60%. [15] [16] [17] Our study aims to confirm or to exclude true drug allergy among patients with history of β-lactam allergy in the allergy outpatient service at a public children's hospital.
MATERIALS AND METHODS
The research was approved by the Research Ethics Committee of the Hospital Infantil Albert Sabin, Fortaleza, Ceará, Brazil (process number 944.331).
Study Design
A prospective study (from 2015 to 2018) was conducted in the allergy outpatient service at a public children's hospital, Fortaleza, Ceará, Brazil. Univariate analysis was used to describe every single variable (sex, timing of reaction, clinical manifestations, drugs, number of tests, test results), employing relative frequencies and numbers, besides the age range.
Patients
Children and adolescents up to 18 years of age, at the allergy outpatient service, Hospital Infantil Albert Sabin, HIAS, Fortaleza, Ceara, Brazil, presenting suspected drug allergy to b-lactam drugs were included in the study. Signed informed consent term was provided by the patient or his/her legal guardian after explanation of the project. The children were referred to the outpatient allergy service due to allergic diseases such as contact dermatitis, atopic dermatitis, asthma, allergic rhinitis, food allergy. During the consultation with the allergist, several questions were done regarding the different types of allergy. When drug allergy was suspected, a detailed description of the clinical history was taken by applying a questionnaire adapted from Demoly et al. 18 The skin testing was scheduled according to the type of reaction, that is, prick and intradermal tests for immediate reactions and epicutaneous test for delayed reactions. If results in the prick and intradermal tests were negative, oral provocation testing was scheduled. The inclusion criteria were those children and adolescents up to 18 years of age with allergic symptoms. The exclusion criteria were those children and adolescents up to 18 years of age who did not present suspected b-lactam allergy during the allergist consultation. The test was conducted on three parts: Day one -Prick test and intradermal test for pencilin, ampicillin and ceftriaxone. Day two (after one week) -Oral Provocation Testing (OPT). Day Three (after one week after OPT) -reavaliation for late reactions. Penicillin at 10,000 IU/mL 19 was used for the prick and intradermal testing. Ampicillin at 20 mg/mL and ceftriaxone at 2 mg/mL were also used. 20 The procedure for immediate skin testing was followed according to Torres et al. 21 and Malaman et al.
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A negative (0.9% saline solution) and a positive control (histamine solution at 10 mg/mL, FDA Allergenic, USA) were used in the prick tests. For the intradermal tests, only the negative control was used.
23,24
Positive results were considered when a papule was greater than 3 mm in diameter in comparison to the negative control. 23, 24 Upon negative results, intradermal testing was performed. All readings were performed after 15-20 min. Upon negative results, Oral Provocation Testing (OPT) was scheduled. Tests were not performed in patients undergoing corticosteroid or immunosuppressive therapy that could not be discontinued or in case of suspected infectious disease at the time of testing. The OPT was performed with amoxicillin suspension at 25 mg/kg/dose. The test was divided into 5 steps, according to Aberer et al.1) placebo (5 mL water) 2) 10% of the usual dose; 3) 20%; 4) 30% and 5) 40%. The final sum of the cumulative dose was 100%, which corresponded to the therapeutic dose. 25 Upon a negative result, the patient received the usual dose of the drug, that is 25 mg/kg/dose, 12/12 hrs, at home, for 5 days and a reassessment was made at the outpatient clinic after 1 week. In this case, the person in charge of the child should observe if any skin reaction would appear during that period. The procedure for the epicutaneous tests was done according to Barbaud. 26 Finn chambers were filled with the drugs previously dissolved in 10% petrolatum and applied on the dorsum of the patient. Readings were performed after 48 h, 72 h, 96 h and on the 7 th day.
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RESULTS
Twenty-four pediatric patients aged 3 to 17 years old (13 girls (54.2%) and 11 boys (45.8%) ) were evaluated for beta-lactam allergy. The reactions occurred between 10 min and 1 h after drug intake in 19 out of 24 patients (79.1%), between 1 to 2 h in 4 patients (16.7%) and after 24h in 1 patient (4.2%). Urticaria, angioedema, erythematous macules and papules were the clinical manifestations most frequently reported in patients with immediate hypersensitivity to β-lactams (Table 1) .
Residual lesions were present in late hypersensitivity ( Table 1 ). The drugs child presented cough, dyspnea and erythema. The clinical manifestations disappeared 2 hrs after the use of anti-allergy medication. Nine months later, the patient had a new hospitalization due to an episode of tonsillitis. She was treated with ampicillin. During the hospitalization, the patient had episodes of suffocation, cyanosis and facial edema; nonetheless, it was not possible to establish a temporal association with the drug exposure. Allergy to penicillin-chemically related drugs was ruled out after negative skin and intradermal test for ampicillin and penicillin and negative oral challenge with amoxicillin. Improvement of the symptoms occurred after administration of corticosteroids and antihistamines. The epicutaneous test with ceftriaxone was performed in one patient and the results were negative after 48h, 72h, 96h and 7 days. The patient had a clinical history of residual lesions 5 days after drug intake (1 out of 24 patients, 4.2%).
DISCUSSION
Some factors are essential to raise the hypothesis of drug allergy, such as the nature of drug, degree of exposure (dose, duration, frequency), route of administration and cross-reactivity to other chemical groups.
Patient´s characteristics such as age and sex, genetic factors (the HLA system, cytokine and enzyme polymorphisms) may influence the rate of drug allergy although there is no conclusive evidence. 28 Atopy is not related to drug allergy, but when it occurs, for instance, in chronic asthma, the clinical manifestations may be more severe. 13 Epstein-Barr virus, human immunodeficiency virus, herpes virus 6 may predispose the patient to drug hypersensitivity. 29, 30 During consultation, it is important for the allergist to question about drug allergy, apart from the original complaint (if it is not related to drug allergy). In the period of the study (2015 -2018), 24 patients with suspected allergy to β-lactam drugs were investigated. Allergy to β-lactams is observed mostly in children; 31 nonetheless, the frequency of true drug allergy to the drugs has been overestimated. 32, 33 One of the main confounding factors is viral infection. 34 To rule out β-lactam allergy is important in order to avoid the use of alternative therapeutics based on broad-spectrum antibiotics such as vancomycin, quinolones. The main purpose is to reduce possible complications caused by indiscriminate use of antimicrobial drugs, such as Clostridium difficile infections and vancomycin-resistant Enterococci. 35 Several publications have shown that the use of skin tests can exclude β-lactam allergy in 90% of patients, which leads to a rational use of antibiotic therapy. 36 By the fact that the number of patients with suspected drug allergy was relatively low, we decided to minimize operating and economical costs by conducting the skin testing in groups of 10 patients during a halfday period three times a year. The strategy rationalized the procedure making it possible to be operationalized without high expenses at a public pediatric hospital. In relation to the child who showed hypersensitivity to ceftriaxone, the positive prick test confirmed the hypothesis of drug allergy. Ceftriaxone is a third-generation cephalosporin which presents different side chain to penicillin. Therefore, it would be rather rare to bear any cross-reactivity between the chemical structures. 37 On the other hand, ampicillin and penicillin are chemically related to each other. For this reason, upon negative prick testing with ampicillin and penicillin and indeterminate and negative intradermal testing with ampicillin and penicillin, respectively, we found reasonable to perform OPT with amoxicillin.
CONCLUSION
Beta-lactam drugs are a very useful choice for treatment of bacterial infections in children. In this way, it is reasonable that hypothesis of allergy most implicated were amoxicillin (58.3%), penicillin (20.8%), ceftriaxone (12.5%) and ampicillin (8.4%). The mean time between the drug adverse reaction and the allergist consultation was 2 years and 7 months (15 days to 13 years). Immediate skin testing with penicillin, ampicillin and ceftriaxone were conducted in 23 patients (Figure 1 ). All of them presented negative skin prick testing to ampicillin and penicillin (100%). Twenty-two out of 23 patients (95.6%) showed negative skin prick testing to ceftriaxone. Intradermal testing was performed with the same drugs after negative prick results. Twenty-one out of 23 patients (91.3%) showed negative results in intradermal testing with penicillin and ampicillin. All patients were submitted to the oral provocation test with amoxicillin and showed negative results (100%). One patient with a previous history of allergic rhinitis and probable asthma showed positive skin prick testing (1 out of 23 patients, 4.3%) to ceftriaxone (papule with erythema, 4 x 5 mm diameter) but negative skin prick testing to ampicillin and penicillin. Intradermal testing with these drugs resulted indeterminate to ampicillin and negative to penicillin. Neither intradermal testing nor OPT for ceftriaxone was performed, once the prick test with the drug resulted positive. The child showed negative OPT to amoxicillin, excluding the hypothesis of allergy to amoxicillin. The first clinical manifestations occurred when she was 7 months old few hours after ceftriaxone administration. At that time, according to her mother, she has been hospitalized due to an episode of pneumonia and few hours after the 3 rd day of ceftriaxone therapy, the to those drugs be investigated. For this reason, during consultation, it is necessary that the allergist questions about drug allergy, apart from the original complaint (if it is not directly related to drug allergy). Upon suggestive history, the hypothesis of drug allergy should be ruled out by doing a careful laboratorial and clinical investigation. In order to rationalize the operating and economical costs related to skin testing and OPT, we suggest grouping a number of patients in whom the tests will be performed during a half-day period two to three times a year.
